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PREFACE 


This  final  report  describes  work  performed  for  the 
Communications  System  Center,  Multichannel  Transmission 
Division  of  CORADCOM  by  Bell-Northern  Research  under 
Contract  DAAK80-79-C-077 1  awarded  by  Ft.  Monmouth,  New 
Jersey.  The  effort  was  directed  toward  fulfilling  the 
objectives  of  Technical  Guidelines  dated  10  July  1978 
and  in  general  support  of  the  U.S.  Army's  Fiber  Optic 
Development  Program. 

This  period  covered  by  this  report  is  May  1979  to 
November  1980. 
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1.  INTRODUCTION 


A  developmental  model,  hermaphroditic,  6-fiber  optical  fiber  connector  system 
has  been  developed  by  Bell-Northern  Research  (BNR)  under  contract  to  the 
U.S.  Army  Communications  Iteseareh  and  Development  Command  (CQRADCOM),  Port 
Morinouth,  New  Jersey.  This  report  details  the  results  of  the  development. 
Specifically,  this  report  contains; 

a)  a  description  of  the  fiber  alignment  concept  (section  2). 

b)  a  description  of  the  connector  plug  and  bulkhead  receptacle  designs 
(section  3) , 

c)  detailed  installation  procedures  (section  4), 

d)  a  sunnary  of  test  results  (section  5),  and 

e)  recommendations  concerning  final  development  (section  6). 

In  addition  to  this  final  report,  tlie  following  documentation  has  been 
provided  to  CORADCOM; 

a)  BNR  Test  Report  TR-1D42-03-80,  and 

b)  Engineering  Drawings  to  MIL-D-1000,  Level  1. 

Tie  intended  application  configuration  for  this  connector  systan  is 
illustrated  in  Figure  l.l.  A  hermaphroditic  pluj  is  used  to  terminate  both 
ertis  of  a  cable  section.  The  hermaphrod icity  of  the  plug  allows  the  cable 
assemblies  to  Lk  deployed  and  miated  m  any  orientation.  At  equipment 
locations  tlie  cable  assemblies  are  terminated  in  a  bulkheal  receptacle.  Tie 
receptacle  accepts  individual  ( uncab Led)  fibers  which  are  connected  to 
opto-electrouic  transmitters  and  receivers. 

The  connector  employs  a  filler  alignment  concept  that  was  developed  by  BNR 
prior  to  this  contract^). 
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As  per  contract  requirements,  the  connector  was  designed  for  and  tested  with 
an  ITT  external  strength  maiiber  optical  fiber  cable.  The  cross-section  of 
this  6-fiber  cable  design  is  shown  in  Figure  1.2.  Cable  samples  were 
supplied  by  CORADCUM  as  identified  in  Ibble  1.1.  Hie  specified  and  measured 
fiber  parameters  are  listed  in  Tbble  1.2. 


FIGURE  1.1:  CONI'! ECTOR  APPLICATION  CONFIGURATION 


■  Q 


—  2.U2 


3.56 

1.37 


f 

/ 


6.35  MAX- 


OPTICAL  FIBERS 
KEVLAR‘49-1420  OENIERS 


POLYURETHANE  JACKET 


polyurethane  inner  jacket 


non-impregnated  kevlar’io 

H20  OENIERS  IQ  YARNS 


OUTER  POLYURETHANE  JACKET 


OPTICAL  FIBER  0  0.  =  .94  MM 

Al  l  dimensions  IN  MM 


FIGUtiE  1.2:  ITT  CABLE  CONSTRUCTION 


TABLE  1.1:  ITT  CABLE  SAMPLES  FROM  CORADCOM 


Cable 

Naninal 

Usage 

Identification 

Length 

120378-ZA-II 

500  m 

Initial  development  and 
investigative  testing. 

03027‘J-MA-2 

310  m 

Developnent  testing  and  formal 

test  program.  Terminated  with 

connector  plugs  and  returned  to 

CORADCOM. 

020979-MA-2 

310  m 

Terminated  with  connecter  plug 

and  returned  to  CORADCOM. 

022679-MA-2 

310  m 

Terminated  with  connector  plug 

and  returned  to  CORADCOM. 
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TABLE  1.2:  ITT  FIBER  PARAMETERS 


Parameter 

Index  Profile 

Core  Diameter 

Cladding  Diameter 

Cure/ Cl  add  itij 
Concentric ity 

Numerical 
Aperature  ( N. A. ) 

Buffer  Jacket  Diameter 

Buffer  Jacket  Material 

Note :  ( L )  Measured  by 

necessarily 


Specification  imported  by  ITT  or 

Measured  by  BNR 

Graded 

56  +  6  pm  55  to  64  jutm, 

maximum  ovality  of  4  ,um  (1) 

125  +  6  jm  119  to  131  /in, 

maximum  o/ality  of  4  jum  (1) 

not  specified 


0.2 


0.15  to  0.21  (2) 


940  +  7  wm  up  to  1000  jum  (1) 

Hytrel  ever  silicone 


BNR.  These  are  spot-check  measurements  and  are  not 
representative  of  all  fibers. 


(2)  Reported  by  nr. 


2.  FIBER  ALIGNMENT  PRINCIPLE 


The  fiber  interface  consists  of  two  ferrules  and  a  formed  VEE-groove 
alignment  member  as  shown  in  Figure  2.1  (a).  Hie  ferrule  is  a  stainless 
steel  tube  formed  to  produce,  simultaneously,  a  flange  and  a  key.  Hie 
alignment  member  is  blanked,  formed,  precipitation-hardened  berylliun  copper 
sheet  consisting  of  a  rigid  Vee  and  two  spring  tabs,  integral  in  the  same 
part. 

Positioning  of  the  fiber  in  the  ferrule  is  accomplished  by  casting  an 
alignment  bore  inside  tlie  ferrule  as  illustrated  in  Figure  2.1  (b).  Hie 
position  of  the  alignment  Ixore  in  the  ferrule  is  controlled  by  means  of  a 
ferrule  castiirj  fixture.  Hie  fixture  has  two  VEE  sections  in  a  fixed 
relationship  with  one  another.  Section  1  a‘  nolds  the  end  of  the  ferrule  and 
section  'o'  supports  a  steel  mandrel.  Hie  outside  dianeter  of  the  end  of  the 
mandrel  is  slightly  larger  (1  to  2  pm)  than  the  outside  cladding  diameter  of 
the  fiber.  A  low  melting  point  metal  (Gerrocast)  is  then  injected  through 
the  casting  port.  After  cooling  and  solidifying  (a  few  seconds)  the  mandrel 
is  withdrawn,  leaving  a  cast  alignment  bore  which  is  a  close  fit  to  the 
fiber.  Hie  developmental  model  ferrule  casting  fixture  is  shown  in 
Figure  2.2.  Because  all  of  the  ferrules  are  cast  on  the  same  (or  identical) 
fixtures,  the  position  of  the  alignment  core  in  each  ferrule  with  respect  to 
the  fixture  surfaces  'a'  is  identical,  irrespective  of  the  variation  in  the 
outside  diameter  of  the  ferrules.  In  the  connector  the  Vee  groove  in  the 
alignment  mauder  duplicates  the  surface  'a',  thereby  aligning  the  bores  of 
the  two  ferrules  which  will  contain  the  installed  fioers.  Hiat  is,  dimension 
'c'  is  accurately  transferred  Cron  tlie  casting  fixture  to  the  mated  ferrules 
in  a  connector  witli  no  tolerance  build-up  due  to  variations  in  ferrule 
dianeter. 

Symmetry  about  the  vertical  centerline  is  essential  for  proper  fiber- to- fiber 
alignnent.  Hi  is  is  achieved  by  fixing  the  rotational  orientation  of  each 
ferrule  key  and  by  fixing  the  rotational  orientation  of  the  alignment  member 
using  an  orientation  sleeve  within  the  connector  body;  that  is,  tlie  two 
ferrule  keys  and  tlie  alignment  meinber  are  all  neld  in  a  fixed  rotational 
orientation. 
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FIGURE  2.1:  FIBER  ALIGNMENT  PRINCIPLE 


FIGURE  2.2 


FERRULE  LASTING  FIXTURE 


1 


3.  CCNN ECTOR  CONFIGURATION 


3.1  Plug 

The  interconnection  of  cable  sections  is  accomplished  using  the 
hermaphroditic  plug  assembly,  shown  in  Figure  3.1.  Because  the  plugs  are 
identical,  the  cable  assemblies  can  be  deployed  in  any  orientation.  The 
ttiree- pronged  mating  interface  contains  three  alignment  members.  Ihe 
interface  is  keyed  to  permit  mating  in  only  one  orientation.  A  vdiite  dot  on 
each  mating  interface  imicates  the  correct  orientation  for  mating.  Six 
ferrules  are  independently  spring  mounted  in  the  inner  lousing.  These  extend 
into  the  mating  interface;  three  into  the  alignment  menders  and  three  into 
the  spaces  between  the  prongs.  The  ferrules  are  well  protected  from 
accidental  damage  by  the  mating  interface  ami  the  plug  housing  which  extends 
fiush  to  the  end  of  the  ferrules.  The  terrule  mounting  consists  of  a 
compression  spring  artl  a  metal  clip  (between  the  spring  and  ferrule  flange). 
Hie  rotational  orientation  of  the  ferrule  is  fixed  by  a  keyway  in  the  lousing 
which  accepts  the  ferrule's  key.  A  plastic  sleeve  in  each  of  tile  three 
prongs  of  the  mating  interface  fixes  the  rotational  orientation  of  the 
alignment  meubers. 

Hie  cable  termination  Hardware  is  attached  at  the  rear  of  the  inner  lousing 
(details  below).  A  cable  strain  reLief  nut  locks  the  outer  housing  in  place 
over  the  inner  lousing  assembly.  A  coupling  nut  is  provided  on  each  plug. 
Only  one  is  required  for  c.  plug-to-plug  assembly. 

The  fibers  are  looped  within  the  pluj  lousing  to  provide  slack  fiber.  Hiis 
permits  repeated  fiber  end  preparation  (when  required)  during  installation  of 
the  ferrules  and  also  allows  tor  the  repair  or  replacement  of  individual 
ferrules. 

Access  to  che  fiber  ends  and  alignment  maibers  tor  cleaning  (when  required) 
is  achieved  by  Loosening  a  single  screw  which  allows  the  mating  interface  to 
lie  removed . 
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Each  plug  is  provided  with  a  protective  cap  which  is  also  hermaphroditic, 
permitting  the  caps  to  be  mated  when  the  plugs  are  mated,  thereby  protecting 
them  from  contamination  curing  field  deployment. 

Figure  3.2  slows  the  installed  connecter  ploy; 

(a)  with  tiie  protective  cap  in  place. 

(0)  with  the  protective  cap  removed. 

(c)  mated  in  a  pluy-to-pluj  configuration. 

(d)  with  the  mating  interface  renwol  to  gain  access  to  the  fiber  ends  and 
alignment  member  for  cleaning. 

The  lousings,  mating  interface,  coupling  nuts,  cable  strain  relief  and 
protective  cap  are  made  of  olack-anodizod  alunituiri. 

3.2  bulkhead  Heceptacle 

The  oulkhead  receptacle,  Figure  3.3  s  used  to  terminate  the  connector  plug 
assembly  at  an  equipnent  location.  receptacle  is  attachel  through  a  D 

licle  in  the  equipuent  panel.  The  mating  interface,  containing  three 
aiignnent  members,  is  identical  to  that  used  on  the  connector  plug.  The  six 
ferrules  are  spring-loaded  and  oriented  similarly  to  the  plug  construction. 
Hie  ferrules,  which  are  rear- inserted,  are  individually  aceessable  for 
repair,  replacement  or  re-arranganent.  The  coupling  nut  on  the  plug  threads 
onto  the  receptacle  to  secure  the  mated  assembly. 

Each  bulkhead  receptacle  is  also  provided  with  a  iierruaphorid itic  protective 

C3p  9 

Figure  3.4  shows  the  installed  bulk! lead  receptacle; 

(a)  with  the  protective  cap  in  place. 
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(b)  with  the  protective  cap  removed 


(c)  mated  to  a  plug. 

(d)  rear  view  showing  the  fiber  entry. 

The  housing,  mating  interface,  retention  nut  and  protective  cap  are  made  of 
black-anodized  aluminum. 

3.3  Features  of  the  Gcnnector 

(a)  Access  to  Fiber  tiids 

The  ferrule  (and  fiber)  ends,  and  die  alignment  manbers  are  easily 
accessed  for  cleaning  by  loosening  one  screw  and  remo/inj  the  mating 
interface. 

( b)  nun-contacting  Fiber  Bids 

Each  fitier  end  is  slightly  ( -j  to  U)  pm)  recessed  into  the  end  of  the 
ferrule.  This  prevents  fiber- to- fiber  contact  in  tlie  mated  condition 
and  avoids  damage  to  the  fiber  ends. 

(c)  Slack  Filler 

an  excess  of  fiber  can  be  stored  witliin  tJie  connector.  This  allows  for 
repeated  tiber  eiu  preparation  (which  is  often  required  because  of  the 
inconsistent  cleaving  characteristics  of  l  uiers)  without  having  to 
replace  ferrules  during  installation.  'Hie  slack  also  gives  ready  access 
to  individual  ferrules  for  repair  or  re-arrangement. 

( d )  tiaa  U  Si  as 

'Ifie  outside  diameter  of  Die  connector  plug  is  only  3.8  an  (1.5  in)  and 
the  plug  lenjtli  is  L L . 7  un  (4.(>  in).  ’Hie  bulkliead  receptacle  has  a  very 
flat  profile  behind  tne  ocjuipiuent  panel  (i.e.  occupies  very  little 
space) . 


a)  PROTECTIVE  CAP  IN  PLACE 


(b)  PROTECTIVE  CAP  REMOVED 
FIGURE  3.2:  CONNECTOR  PLUG 


(C)  MATED:  PLUG-TO-PLUG 


(d)  MATING  INTERFACE  REMOVED 
FIGURE  3.2:  CONNECTOR  PLUG 
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(a)  PROTECTIVE  CAP  IN  PLACE 


(b)  PROTECTIVE  CAP  REMOVED 
FIGURE  3.4:  BULKHEAD  RECEPTACl£ 
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(C)  MATEO  '£U  PLUG 


(d)  REAR  VIEW 

FIGURE  3.4:  BULKHEAD  RECEPTACLE 
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(e)  Sealing 


The  connector  plug  and  bulkhead  receptable  are  sealed  against  moisture 
ingress  in  either  the  mated  or  unnated  conditions  (with  the  protective 
cap  in  place).  This  is  accornpl ished  using  'O'-rings  and  a  sealing  tape 
within  the  plug's  cable  strain  relief. 

(f)  Hermaphroditic  Protective  Cap 

The  protective  caps  can  oe  mated  together  when  two  plugs  or  a  plug  and 
bulkhead  receptacle  are  mated.  This  prevents  contamination  of  the 
internal  cavity  of  the  caps. 

(g)  Adaptability  to  Fiber  and  Cable  Changes 

The  connector  dianeter  can  ije  increaseu  it  necessary  to  accomodate  a 
fiber  with  a  larger  lossless  bending  radius  (i.e.  gnaller  N.A.).  The 
cable  termination  is  readily  adaptable  to  evolutionary  modifications  m 
the  external  strength  member  cable  design.  The  cast  ferrule  is  easily 
adapted  to  changes  in  fiber  cladding  diameter  with  only  a  simple  change 
in  tooling. 

(h)  Hear- insertion  ferrules 

The  ferrules  in  the  uulkhead  receptacle  are  inserted  and  removed  from 
the  rear.  Tins  permits  remwal  of  individual  ferrules  for  repair, 
replacement  or  re-arrangernent  without  laving  to  remove  the  entire 
connector. 
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4.  CONNECTOR  INSTALLATION 

4 . 1  Bguipnent 

The  equipment  listed  in  Thble  4.1  is  required  to  complete  the  installation  of 
the  connector  plug  and  bulkhead  receptacle. 

4.2  Fiber  Installation 

4.2.1  General 

The  equipment  and  procedure  used  to  install  a  fiber  in  the  connector  ferrule 
is  identical  for  both  the  plug  and  bulkhead  receptacle.  The  equipment  and 
procedure  are  described  in  this  section.  The  sequencing  of  this  operation  is 
detailed  in  the  following  sections. 

4.2.2  Ferrule  Installation  Fixture 

Installation  of  a  fiber  into  a  ferrule  requires  die  use  of  specialized 
installation  fixture,  illustrated  in  Figure  4.1  (a).  The  main  components  of 
thrs  fixture  are  a  ferrule  retention  clamp,  a  retractable  fiber  positioning 
rod  and  a  fiber  clamp. 

4.2.3  Procedure 

The  following  procedure  is  used  to  install  a  fiber  into  a  ferrule.  The 
bracketed  nunbers  in  this  sections  refer  bo  the  equipment  item  nunbers  in 
Table  4.1. 

(a)  Get-up  the  ferrule  installation  fixture  (1)  as  follows. 

Draw  back  and  lock  the  fiber  positioning  rod.  Lower  the  fiber  clamp. 
Place  a  ferrule  into  the  fixture  and  fold  it  in  place  with  the  retention 
clamp  {  Figure  4.1  ( b) ) . 
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TABLE  4.1:  EQUIPMENT  EXDR  CCNNECIDR  INSTALLATION 


Item 

Description 

Function 

Per rule  installation 

fixture 

BNR  drawing  nimber 

1D42  -  1507 

Figure  4.1 

lb  position  and  retain 

the  fiber  with  respect 

to  ferrule 

Hot  plate 

Corning  PC-351  or 

equivalent 

Tb  accelerate  curing 

of  the  epoxy  used  to 

bond  tl«  fiber  into 

the  ferrule 

Epoxy  adhesive 

Hysol  Epoxy  Patch 

Kit  (2-tart) 

lb  bond  the  fiber  into 

die  ferrule 

Mixing  sticks 

Flat  wooden  sticks 

Tb  mix  2-part  epoxy 

Mixing  plate 

Flat,  anooth  clean 

metal  or  glass 

surface  ~  5  cm  x  5  cm 

Tb  mix  2-part  epoxy 

Gbtton  swabs 

Q-tips  or  industrial 

quality  cotton  swabs 

Tb  clean  fiber  ends 

SiLicone  softeniny 

agent 

M-Pyrol  made  by 

GAF  Corporation 

140  West  51st  St., 

New  York 

Tb  remove  residual 

silicone  material  from 

stripped  fiber 

Organic  solvent 

Methanol  or  denatured 

ethanol 

Tb  clean  fiber  ends 
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TABLE  4.1;  EQUIPMENT  FCR  CQMJECTQR  INSTALLATION  (Can't) 


I  tan 


Description 


Function 


9.  Fiber  stripper 

No-Nik  (0.010  in) 

Clauss  Franount,  USA 

or  other  suitable  tool 

Tb  reito/e  protective 
jacket  from  fiber  end 

10.  Fiber  cleaving  tool 

Any  camnercially  - 
available  equipment 
capable  of  pra/iding 
a  cleaved  length  of 

6  mm  with  an  end 

angle  of  3°  or  better 

( Fiyure  4.2) 

Tb  pra/ide  a  smooth 

gnooth  flat  end  face 

on  the  fiber  after 

stripping  and  prior  to 

installation  in  the 

ferrule 

11.  Knife 

Any  oornuierical  brand 

Tb  cut  cable  sheath 

12.  Scissors 

My  cufiinerical  brand 

Tb  trim  cable  strength 

members 

13.  7/16"  wrench 

Any  camnercial  brand 
or  adjustable  wrench 

Tb  tighten  cable 

termination  into  plug 

housing 

14.  3/4"  wrench 

My  comnerical  brand 
or  adjustable  wrench 

Tb  tighten  cable 

strain  relief  onto 

plug  housing 

15.  S.iall  screw  driver 

My  comnerical  brand 

Tb  attach  ferrule 

retainer  to  connector 

bulkhead  receptacle 
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SABI£  4.1:  EQUIPMENT  FOR  CONNECTOR  INSTALLATION  (Cbn't) 


Item 

Description 

Function 

16.  Medium  screw  driver 

Any  commercial  brand 

lb  attach  (or  remove) 

mating  interface 

assembly  to  connector 

plug  or  bulkhead 

receptacle 

17.  1  3/4”  wrench 

Custom  made  or 

commercially  available 

Tb  attach  connector 

bulkhead  receptacle  to 

equipment  panel 

18.  2  1/64" 

Custom  made  or 

commercially  available 

lb  attach  connector 

bulkhead  receptacle  to 

equipment  panel 

19.  4"  needle-point 

tweezers 

Any  commercial  brand 

lb  facilitate 

installation  of 

ferrule  retention 

mechanism  in  connector 

plug. 
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(C) 

FIGURE 


(b)  FERRULE  LOCATED  IN  FIXTURE 


FIBER  INSERTED  THROJQi  FERRULE 
4.1:  FERRULE  INSTALLATION  FDCTURE 
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(J)  FIBER  RECESSED  IN  FERRULE  AND  CLAMPED 


FIGURE  4.1:  FERRULE  INSTALLATION  PICTURE 
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(b)  Strip  approximately  2.5  an  of  the  fiber  coating  from  the  end  of  the 
fiber  using  a  suitable  stripping  tool  (9). 

(c)  Cleave  the  end  of  the  fiber  with  a  suitable  cleaving  tool  (10)  to 
produce  a  bare  fiber  length  of  6  mu  between  the  cleaved  fiber  end  and 
the  end  of  the  stripped  coating.  The  fiber  end  angle  should  be  smooth 
and  a  maximum  of  3°.  An  interferometric  technique2  can  be  used  to 
confirm  the  quality  of  the  fiber  end  preparation. 

A  prototype  BNR  fiber  cleaving  tool,  illustrated  in  Figure  4.2,  was  used 
for  fiber  preparation  during  this  development.  It  works  on  the 
"bend- tension- score"  principle^.  The  cleaving  tool  was  adjusted  for 
optiniuu  performance  with  the  ITT  fibers. 

(a)  Clean  the  bare  fiber  end  by  clipping  into  a  silicone  softening  ajent  (7) 
and  then  wiping  the  bare  fiber  end  with  a  cotton  swab  (6)  soaked  in 
solvent  ( 8 ) . 

(e)  Mix  a  small  portion  of  the  epoxy  adhesive  (3,4,5)  and  apply  the  adliesive 
along  the  sides  of  the  bare  fiber  and  onto  the  coating.  The  adhesive 
should  tot  cover  the  end  of  the  fiber. 

(f)  Insert  the  fiber  end  through  the  ferrule  in  the  installation  fixture  (1) 
until  the  cleaved  end  extends  beyorw  the  end  of  the  ferrule 

(  Figure  4.1  (c) ) . 

(g)  Clean  the  fiber  end  with  a  cotton  swab  (6),  soaked  in  solvent  (8). 

(n)  Unlock  tlie  finer  positioning  rod  and  advance  it  to  slowly  push  the  fiber 
back  into  the  ferrule. 

A  snail  protrusion  on  the  end  of  the  positioning  rod  insures  that  the 
fiber  erti  is  slightly  recessed  (5  to  10  jan)  with  the  ferrule. 

( l)  Clamp  the  fiber  in  place  (Figure  4.1  (d)). 
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(b)  Strip  approximately  2.5  an  of  the  fiber  coating  from  the  end  of  the 
fiber  using  a  suitable  stripping  tool  (9). 

(c)  Cleave  the  end  of  the  fiber  with  a  suitable  cleaving  tool  (10)  to 
produce  a  bare  fiber  length  of  6  itm  between  the  cleaved  fiber  end  and 
the  end  of  the  stripped  coating.  The  fiber  end  angle  should  be  smooth 
and  a  maximun  of  3°.  An  interferometric  technique^  can  be  used  to 
confirm  the  quality  of  the  fiber  end  preparation. 

A  prototype  BNk  fiber  cleaving  tool,  illustrated  in  Figure  4.2,  was  used 
for  fiber  preparation  tlurinj  this  developnent.  It  works  on  the 
"bend- tension- score"  principle^.  The  cleaving  tool  was  adjusted  for 
optiniuu  performance  with  the  ITT  fibers. 

(a)  Clean  the  bare  fiber  end  by  nipping  into  a  silicone  softening  agent  (7) 
and  then  wiping  the  bare  fiber  end  with  a  cotton  swab  (6)  soaked  in 
solvent  ( 8 ) . 

(e)  Mix  a  snail  portion  of  the  epcocy  adhesive  (3,4,5)  and  apply  the  adhesive 
along  the  sides  of  the  bare  fiber  and  onto  the  coating.  Hie  adhesive 
should  not  cover  the  end  of  the  fiber. 

(f)  Insert  the  fiber  end  through  the  ferrule  in  the  installation  fixture  (1) 
untii  the  cleaved  end  extends  beyond  the  end  of  the  ferrule 

(Figure  4.1  ( c) ) . 

(g)  Clean  the  fiber  end  with  a  cotton  swab  (6),  soaked  in  solvent  (8). 

(n)  Unlock  the  fiber  positioning  rod  and  advance  it  to  slowly  push  the  fiber 
back  into  the  ferrule. 

A  small  protrusion  on  the  end  of  the  positioning  rod  insures  that  the 
fiber  end  is  slightly  recessed  (5  to  10  jjt»)  with  the  ferrule. 

( i)  Clanp  the  fiber  in  place  (Figure  4.1  (d)). 
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FIGURE  4.2:  I3NR  FIBER  CLEAVING  TOOL 
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Recessed 
Bare  Fiber 


FIGURE  4.3:  CROSS-SECTION  OF  INSTALLED  FERRULE 


1 


I 


FIGURE  4.4:  FERRULES  AND  ALIGNMENT  MEMBER 


(j)  Place  the  installation  fixture  on  a  hot  plate  (2),  (adjusted  to  heat  the 
ferrule  to  approx imately  9U°C;  temperature  control  set  to  "low")  and 
allow  the  epcxy  to  cure  for  15  minutes. 

(k)  tenwe  the  installation  fixture  from  the  hot  plate  and  allow  to  cool  for 
approx iinately  5  minutes  before  removing  the  ferrule. 

A  cross-section  of  the  completed  ferrule  installation  is  illustrated  in 
Figure  4.3.  Samples  of  the  ferrules  and  alignment  member  are  shown  in 
Figure  4.4 

4.3  Plug 

The  procedure  for  installing  the  connector  plug  to  the  ITT  cable  is  as 
follows.  The  bracketed  r limbers  in  this  section  refer  to  the  equipment  item 
numbers  in  Thble  4.1.  The  connector  iiardware  items  and  their  relative 
positions  are  illustrated  in  Figure  4.5. 

(a)  The  ITT  cable  end  is  prepared,  as  illustrated  in  Figure  4.6,  by  removing 
the  outer  and  inner  sheaths  (11)  to  access  the  fibers  and  the  strength 
members. 

(o)  The  fiber  ends  are  prepared  and  ferrules  installed  per  section  4.2.3. 

(c)  Hie  cable  strain  relief,  protective  cap  sub-assembly,  outer  housing, 
coupling  nut,  coupling  nut  washer  and  three  of  the  cable  termination 
parts  (clamp  riut,  washer  and  seal)  are  placed  o/er  the  prepared  cable 
end,  in  the  sequence  listed  (reference  Figure  4.5). 

(d)  The  cable  termination  is  completed,  as  illustrated  in  Figure  4.7.  The 
internal  sleeve  is  placed  on  the  end  of  the  outer  sheath .  The  Kevlar 
strands  are  folded  back  ever  the  tapered  outer  surface  of  the  internal 
sleeve.  The  external  sleeve  is  placed  o/er  the  Kevlar  strands,  trapping 
them  between  the  two  sleeves,  and  the  Kevlar  strands  are  trimmed  (12)  to 
the  end  of  the  sleeve  assembly.  Hie  fibers  and  cable  termination 


Mating  Interface  Plu9  Sub-Assembly 

Sub-Assembly  — v 


FIGURE  4.5:  PLUG  INSTALLATION 
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hardware  are  fed  through  the  rear  of  the  inner  housing.  The  clamping 
nut  is  threads!  into  the  housing  and  tightened  (13). 

(e)  The  ferrule  compression  springs  are  loaded  into  their  chambers  in  the 
inner-housing. 

(f)  In  turn,  each  fiber  is  looped  in  the  inner  housing  and  the  ferrule 
inserts!  through  tlie  compression  spring  into  the  mating  interface, 
insuring  that  the  ferrule  key  enters  the  keyway  in  the  housing. 

Ihe  clip  is  inserted  by  compressing  the  spring  away  from  the  ferrule 
flange  (18)  and  placing  the  clip  between  the  flange  and  paring. 

Figure  4.8  indicates  tlie  relative  positioning  of  the  terminated  fibers 
to  insure  channel  pair  continuity  irrespective  of  the  number  of  cable 
lengths  used.  Unis  is  accomplished  by  transposing  each  fiber  in  each 
cable  length  between  the  mated  connector  channel  pairs  (ie  fiber  A  is 
located  in  channel  1  at  one  end  and  in  channel  2  at  the  opposite  end). 

(y)  The  connector  is  closed  by  bringing  forward  the  coupling  nut  washer, 
coupling  nut  and  outer  housing  (reference  Figure  4.5).  The  washer  is 
placed  over  the  outer  housing,  the  coupling  nut  threads  engaged  and  the 
outer  housing  rotated  until  the  pin  at  the  rear  of  the  inner  housing  is 
felt  to  be  engaged. 

(n)  Ihe  sealing  tape  is  applies  over  the  cable  termination  clamp  nut. 

(i)  The  protective  cap  sub-assembly  anl  the  cable  strain  relief  nut  are 
brought  forward  and  tightened  (14). 

(j)  Ihe  protective  cap  is  installed  over  the  mating  end  of  the  connector. 
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FIGURE  4.8:  FIBER  POSITIONS  IN  CONNECTOR  CHANNELS 


4.4  Bulkhead  HeceptacLe 


The  procedure  for  install iny  the  bulkhead  receptacle  fibers  is  as  fol lows . 

The  bracketed  numbers  in  this  section  refer  to  the  equipment  item  numbers  in 

Table  4.1.  The  connector  hardware  items  and  their  relative  positions  are 

illustrated  in  Figure  4.9. 

(a)  The  receptacle  sub- assembly  is  located  m  the  D-hole  in  the  equipment 
panel  (17). 

(b)  The  fiber  ends  are  accessed  to  provide  approximately  30  on  to  45  cm. 

(c)  Hjs  fiber  ends  are  prepared  ard  ferrules  installed  per  section  4.2.3. 

(d)  In  turn  a  ferrule  retainer  and  compression  spnny  is  placed  over  each 
ferrule  onto  the  fibers.  A  clip  is  placed  between  the  ferrule  flange 
and  the  compressions  spring.  The  ferrule  is  loaded  into  the  rear  of  the 
receptacle,  insuring  that  the  ferrule  key  enters  the  keyway  in  the 
lousing.  Hie  spring  and  ferrule  retainer  are  brought  forward  and 
secured  in  place  (15)  with  the  retention  screw. 

(e)  The  protective  cap  is  installed  over  the  mating  end  of  the  connector. 

4.5  Mating  Procedure 

4.5.1  Pi  uy-  to— Pi  ug 

(a)  Remove  the  protective  caps  frcrn  both  pi  ug  s . 

(b)  Mate  the  interface  assemblies  by  aligning  the  white  indicator  dots  (the 
interfaces  are  keyed,  to  mate  in  only  one  orientation) . 

(c)  Rjtate  either  one  of  the  knurled  coupling  nuts  to  the  rear  position. 


FIGURE  4.9:  BULKHEAD  RECEPTACLE  INSTALLATION 


(d)  Rotate  the  remaining  coupling  nut  onto  the  threaded  section  of  the 
mating  plug  and  tighten  firmly.  Hie  coupling  nut  fully  tightens  in 
approximately  2  turns. 

(e)  Mate  the  protective  caps  using  one  of  their  coaling  nuts. 

4.5.2  PI uy- to- Receptacle 

(a)  Remove  the  protective  caps  from  both  the  plug  and  bulkhead  receptacle. 

(d)  Mate  the  interface  assemblies  by  aligning  the  white  indicator  dots. 
(The  inter faceo  are  keyed  to  mate  in  only  one  orientations.) 

(c)  Rotate  the  plug  coupling  nut  onto  ttie  threaded  section  of  the  mating 
plug  and  tighten  firmly.  The  coupling  nut  fully  tightens  in 
approximately  2  turns. 

(d)  tote  the  protective  caps  using  one  of  their  coupling  nuts. 
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5.  TESTING 


5.1  Introduction 

A  testing  proyram  was  conducted  on  the  developmental  model  connector  in 
accordance  with  a  test  plan  approved  by  CORA  DCOM.  The  detailed  results  of 
this  testing  have  been  reported  to  CGRADCQM  in  TR-1D42-03-80  (July  1980).  A 
s urinary  of  these  results  are  presented  in  this  section. 

5.2  Test  Sequence  and  Ttest  Samples 

Two  connector  assemblies  were  used  for  the  test  program.  The  tests  and  test 
sequence  on  each  sample  are  outlined  in  Table  5.1. 

5.3  Coupling  loss  (Insertion  Loss)  Measurement  Method 

Tie  equipment  arrangement  for  the  coupling  loss  test  is  shown  in  Figure  5.1. 
The  light  emitting  diode  operates  at  a  wavelength  of  approximately  0.83  pm. 
Permanent  attachment  to  a  fiber  pigtail  insures  that  the  light  launching 
conditions  are  stall le  for  each  test.  Tie  length  of  fiber  inserted  before  the 
test  cable  is  required  to  condition  the  light  distribution  within  the  fiber 
core.  Tie  graded- index  conditioning  fiber  tas  the  name  nominal  core  and 
cladding  diameters  as  tlie  fibers  in  the  test  cable. 

An  equilibrium  or  steady  state  mode  distribution  in  low-loss,  graded- index 
fibers  is  achieved  only  after  transmission  through  several  kilometers  of 
fiber.  The  use  of  this  much  fiber  is  not  practical  for  test  purposes.  Tie 
use  of  shorter  fiber  lengtlis  with  non-equilibrium  mode  distributions 
generally  results  in  higher  insertion  loss  measurements  because  of  the 
relatively  greater  content  of  high  order  modes.  Therefore  a  connector 
passing  the  insertion  loss  requirements  under  these  test  conditions  can  be 
expected  to  equal  or  exceed  the  test  performance  when  installed  in  longer 
cable  lengths. 


TABLE  5.1:  TEST  SAMPLES  AND  TEST  SEQUENCE 


Oonnector  Configuration 


Ttest  Sequence 


SAMPLE  A 

SAMPIE  B 

two  plugs 

one  plug  and  one 

bulkhead 

receptable 

1.  Ooupling  loss 

1.  Cbupling  loss 

2.  Coupling  nut 

rotation 

2.  Cbupling  nut 

rotation 

3.  Mating  durability 

3.  Mating  durability 

4.  Cbupling  nut 

rotation 

4.  Cbupling  nut 

rotation 

5.  Strain  relief 

5.  Flexing  strength 
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Conditioning  Fiber  Fiber  Pigtail 

NT  403517  NT  403517 


FIGURE  5.1:  COUPLING  LDSS  TEST  EQUIPMENT 


Note,  however,  that  the  results  of  an  insertion  loss  measurement  do  not 
account  for  the  additional  losses  expected  when  different  fibers  of  the  same 
design  are  ooupled  through  a  connector.  The  magnitude  of  this  fiber  mismatch 
loss  is  dependent  upon  the  variations  in  core  diameter,  cladding  diameter, 
nimerical  aperature  and  index  profile. 

5.4  Suninary  of  Tfest  Results 

The  developmental  model  connector  has  successfully  met  the  contract 
requirements  as  evaluated  by  the  contract  test  plan.  Table  5.2  is  a  surmary 
of  the  test  requirements ,  methods  and  results. 

5.4.1  Cbupling  Loss 

Because  of  the  wide  cladding  diameter  tolerance  ranye  (119  um  to  131 jum) ,  two 
ferrule  bore  diameters  were  used  (127  pn  arid  133  A-in)  to  limit  the  transverse 
offset  between  mating  fibers.  The  fiber  cladding  diameters  vere  measured  at 
the  time  of  installation  and  a  ferrule  selected  based  on  the  measured 
diameter.  The  same  ferrule  bore  diameter  was  used  for  both  fibers  in  any  one 
channel  of  the  connector.  The  average  insertion  loss  an  Sample  A 
(plug-to-plug )  was  0.9  dB  and  the  averaye  insertion  loss  on  Sample  B 
(plug-to-bulkhead  receptacle)  was  0.8  dB.  All  channels  on  both  assemblies 
were  less  than  the  specified  1.5  dB. 

The  wide  range  of  coupling  losses,  0.4  dB  to  1.4  dB,  is  indicative  of  the 
combined  influence  of  the  large  number  of  paraneters  within  the  fiber 
specification  and  the  connector  design  (including  fiber  aid  preparation). 

The  paraaeter  generally  considered  to  be  the  most  significant  is  transverse 
offset  between  the  fiber  ends.  The  factors  contributing  to  this  include; 

(a)  the  mianatch  between  the  ferrule  bore  dianeter  and  the  fiber  cladding 
diameter 

(b)  misalignment  of  the  ferrules  due  to  tolerances  in  the  connector 
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TABLE  5.2:  COMPARISON  OF  TEST  RESULTS  WITH  REQUIREMENTS 


(c)  ovality  of  the  fiber  cladding  diameter,  and 


(d)  eccentricity  between  the  fiber  core  and  cladding. 

Other  significant  parameters  include; 

(a)  mismatch  of  core  diameters  (which  can  occur  during  reinating  of  the  same 
fiber  as  the  core  diameter  can  very  within  the  length  of  fiber  renewed 
during  fiber  preparation) , 

(b)  quality  of  the  fiber  end  preparation  (angle  and  flatness),  and 

(c)  end  separation  between  the  fibers,  (an  order  of  magnitude  less  sensitive 
than  transverse  offset) . 

(d)  axial  tilt  between  the  fibers,  and 

(e)  mianatch  of  numerical  aperatures  (which  also  could  occur  during  reinating 
of  the  sane  fiber). 

As  would  be  expected  with  the  large  number  of  parameters  involved,  there  is 
no  direct  correlation  between  the  coupling  loss  arid  the  mismatch  between  the 
ferrule  bore  diameter  and  the  fiber  cl  aiding  diameter. 

Because  of  the  reported  low  N.A.  of  0.15  on  fiber  6,  a  series  of  bending 
tests  were  performed  to  determine  if  the  looping  of  slack  fiber  in  the 
connector  plug  was  contributing  to  the  loss.  The  tests  were  conducted  using 
the  test  set-up,  shown  in  Figure  5.2.  It  is  essentially  the  same  as  the 
equipment  used  for  the  insertion  loss  measurement.  Two  2.5  an  (1  inch) 
diameter  loops  were  made  at  locations  (a)  and  (b)  on  the  test  fiber  and  at 
location  (c)  on  the  0.17  NA  pigtail  fiber  for  comparison.  The  loop  diameter 
in  the  connector  is  approximately  2.5  an.  Location  (a)  is  the  approximate 
position  where  the  connector  was  installed  during  testing.  Again,  for 
comparison  purposes,  the  tests  were  conducted  before  and  after  the 
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FIGURE  5.2:  BEND  LOSS  TEST  LINK 


cladding  light  strippers  were  in  place.  The  results  are  shown  in  Table  5.3. 
The  signal  drop  with  the  addition  of  the  eptscy  strippers  was  30.4%. 

These  results  are  unusual  in  two  respects: 

(a)  The  0.15  Ml  ITT  fiber,  (a)  and  (b),  exhibits  no  bending  loss  at  the  2.5 
cm  loop  diameter  compared  to  a  nominally  higher  NA,  fiber  (c). 

(b)  Although  the  addition  of  the  strippers  caused  the  signal  to  drop  30.4%, 
indicating  that  cladding  light  was  present,  it  made  very  little 
difference  in  the  sensitivity  to  bending. 

A  possible  explanation  would  be  that  different  methods  of  measuring  na  have 
been  used. 

In  conclusion,  there  was  apparently  no  significant  loss  due  to  fiber  bending 
in  the  connector  with  the  ITT  cables  supplied  by  CQRADCOM.  However ,  the 
unexpected  insensitivity  to  bending  warrants  clarification. 

During  end  preparation,  the  fibers  exhibited  variable  cleaving 
characteristics  between  fibers  and  at  different  positions  along  the  same 
fiber.  The  ends  were  cleaved  to  achieve  a  maximun  end  angle  of  3  degree  as 
measured  on  an  interferometer2.  The  cleaving  tool  used  was  a  model  of  a 
BNR  design  (Figure  4.2)  which  was  adjusted  to  optimiae  its  performance  with 
the  ITT  fibers.  Some  fibers  regularly  yielded  acceptable  end  angles  while 
others  requireu  considerable  recleaving.  Variations  in  the  cladding  diameter 
and  residual  stress  patterns  in  the  fiber  are  thought  to  contribute  to  this 
phenomenon.  Fibers  from  other  manufacturers  also  exhibit  similar 
characteristics. 

As  a  consequence  of  these  variable  cleaving  characteristics,  the  length  of 
fiber  stored  in  the  connector  plugs  varied  from  6  inches  to  18  inches  (15  cm 
to  45  on) . 


H\BLE 

Loop  Diameter 
(2  loops) _ 

I 

2.5  an  (1.0  in)  j  0 

1.6  cm  (0.625  in)|  0 
1.0  an  (0.175  in)|  0 


5.3:  BENDING  LOSS  TESTS  CN  LOW  Nft  FIBER 
Without  Strippers  With  Strippers 


<dB)  (dB) 

(a)  (b) _ (c )_ _ (a) _ (b)  (c) 


.01 

1 

1  o 

1 

j  0.23 

1 

1  o 

1  1 

1  o  | 

0.18 

,02 

|  0.02 

|  0.37 

|  0.03 

(0.02  j 

0.45 

08 

|  0.12 

1  0.64 

|  0.15 

I  0*12  1 

0.79 
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The  insertion  loss  of  the  connector  can  be  reduced  by  decreasiny  the 
transverse  offset  between  the  fiber  and  the  ferrule  bore  diameter.  This  can 
be  accomplished  by  tightening  the  tolerance  on  the  cladding  outside  diameter 
(presently  +  6  jjn)  which  in  turn  will  permit  the  use  of  a  single  ferrule  bore 
diameter  on  all  fibers.  Provided  that  a  reduction  in  cladding  diameter 
tolerance  is  accompanied  by  a  reduction  in  core  diameter  tolerance  (presently 
+  6  tin),  there  is  a  good  prospect  of  achieving  less  than  1  dB  insertion  loss 
per  channel. 

It  should  be  noted  that  under  field  conditions  different  fibers  of  the  same 
specification  will  be  mated.  Consequently,  mismatch  in  core  dianeter  and 
nunerical  aperature  will  produce  higher  average  and  worst  case  losses  across 
a  connector,  irrespective  of  the  ability  of  the  connector  to  align  fibers 
with  significantly  different  cLadding  diameters.  This  will  be  counteracted, 
at  least  partially,  by  the  more  favourable  steady-state  transmission 
characteristics  expected  in  long  links  (ref.  section  5.3). 

5.4.2  Durability 

The  intention  was  to  remate  the  connector  plugs  1000  times  then  clean  the 
connector  and  perform  a  final  remating.  Itowever ,  after  500  ranatinys  the 
loss  on  one  cliannel  (4)  nad  increased  to  1.9  dB.  Ex  an  mat  ion  revealed  an 
accumulation  of  wear  particles,  frcm  the  beryllium  copper  aliynnent  member , 
adjacent  to  the  ferrule  contact  area  on  the  alignment  member.  Some  of  these 
particles  had  beccme  imbedded  in  the  ends  of  the  ferrules.  Cn  channel  4 
particles  could  be  observed  at  the  end  of  the  fiber.  Similar  wear  was 
observed  on  all  channels.  After  cleaning,  channel  4  improved  to  0.5  dB, 
compared  to  its  initial  reading  of  0.4  dB.  The  other  channels  (with  the 
exception  of  channel  2)  stowed  modest  loss  improvements  as  a  result  of 
cleaning . 

The  improvement  in  loss  with  cleaning  indicates  that  the  loss  increases  were 
caused  by  the  contaminating  wear  particles  rather  than  increased  transverse 
offset  produced  by  wear.  During  rematings,  one  ferrule  remains  in  the 
alignment  manber  while  the  other  enters  and  witlxdraws.  Depending  upon  the 
initial  positions  of  the  fibers  in  the  ferrule  bores,  the  wear  could  cause  a 


slight  improvement  in  loss  if  the  fibers  were  being  brought  into  alignment  as 
a  result  of  v*iar  on  one  half  of  the  alignment  member. 

AT  1000  rematings  the  average  loss  of  0.9  dB  did  not  change  as  a  result  of 
cleaning.  Again  channel  2  increased  in  loss  after  cleaning.  This  increase 
from  1.0  dB  to  1.4  dB  {the  initial  value  before  rematings)  is  probably  die  to 
increased  sensitivity  to  loss  variations  as  the  amount  of  transverse  offset 
increases.  This  is  illustrated  in  Figure  5.3  which  is  a  representation  of 
transverse  offset  versus  loss.  Specific  loss  and  transverse  offset  values 
are  not  noted  as  this  aata  for  the  ITT  fibers  is  not  available.  The  possible 
change  in  transverse  offset  as  a  result  of  remating  the  connector  is 
represented  by  the  quantity  'd'  .  This  variability  is  due  to  the  fact  that  on 
remating  t)ie  connector  ferrules  and  alignment  mauber  will  not  take  exactly 
the  same  relative  positions.  A  connector  channel  operating  in  region  1  will 
slow  less  variabLility  on  remating  than  a  channel  operating  in  region  2  (ie. 
at  nominal Ly  higher  losses)  because  of  the  increased  slope  of  the  curve. 
During  cleaning,  the  mating  interface  containing  the  alignment  manbers  is 
removed ,  thereby  withdrawing  the  ferrule  that  is  normally  stationary  during 
rematings.  Hie  reseating  of  this  ferrule  after  cleaning  can  produce 
additional  misalignment  resulting  in  an  increase  in  insertion  loss.  The 
subsequent  roasting  of  tlie  connector  causes  an  improvement  in  alignment  and 
loss. 

Design  modifications  to  improve  mating  durability  are  outlined  in  section  6. 

Hie  cleaning  procedure  for  the  ferrules  involved  the  use  of  a  cotton  swab 
soaked  in  methanol.  A  "dry"  cleaning  method  uasn'  t  used.  Experience  iias 
established  that  a  dry  material  (brush,  cloth,  etc.)  leaves  dust  particles 
and  consequently  frequent  recleaning  is  required.  Water  was  not  used  because 
it  can  leave  a  residual  film  ani  it  dries  (evaporates)  very  slowly.  Methanol 
does  not  leave  a  film  and  it  evaporates  quickly. 

Hie  alignment  rneubers  in  the  mating  interface  were  cleaned  with  a  dry  pipe 
cleaner. 
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Transverse  Offset - •»( increasing) 


FIGURE  5.  3:  SENSITIVITY  OF  INSERTION  LOSS  TO  'IVANS VERSE  OFFSET 
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5.4.3  Vibration 


The  connector  assembly  withstood  the  vibration  cycling  (12  cycles  on  each  of 
three  mutually  perpendicular  axes)  without  any  change  in  transmitted  signal 
strength.  The  coupling  nut  remained  tight  after  the  completion  of  the  test. 
No  significant  resonances  were  found.  Sane  wear  to  the  plastic  orientation 
sleeve  which  Isolds  the  alignment  manber  was  observed  after  the  vibration 
cycling,  loose  particles  were  generated  by  t)ie  rubbing  of  the  alignment 
ruaiiber  against  the  orientation  sleeve.  The  orientation  sleeve  would  still 
function  properly  after  vibration  cycling  but  the  particles  could  cause 
contamination  of  the  ferrule  ends  during  subsequent  rematings.  These 
particules  can  be  easily  removed  during  cleaning. 

Design  i.todif ication  to  improve  die  wear  characteristics  are  outlined  in 
section  6. 


6.  CONCLUSIONS  AND  KECOMM LOCATIONS 


6.1  'Ihe  developmental  model,  hermaphroditic,  6- filler  optical  fiber  connector 
has  demonstrated  the  potential  to  function  in  adverse  errv irorments 
*  typical  of  tactical  field  applications.  The  connector  lias  successfully 

met  tlie  specific  performance  requirements  of  tlie  contract  as  evaluated 
by  die  test  plan. 


6.2  Wear  in  die  developmental  majels  during  testing  involved; 

a)  the  generation  of  loose  pnrticLes  trail  tlie  aliynnent  member  by  the 
ferrule  .is  a  result  ot  remut uvjs,  anti 

cl  tlie  generation  ot  Loorse  pnrticles  Iran  the  aliynnent  member  orientation 
sleeve  by  die  alignment  manbor  duriivj  vibration  cycling. 

bunny  final  develop. tent,  tlie  wear  can  be  reduced  widi  relatively  minor 
changes  to  die  connector. 

Tlie  rematiny  wear  on  die  aliynnent  manlier  can  lie  reduced  by  decreasiny 
tlie  spriny  load  exerted  by  tlie  aliynnent  on  the  ferrule.  This  can 
likely  be  achieved  without  >  lay  rad iny  the  performance  of  die  aliynment 
member  under  vibration. 

Hie  vibration  wear  on  the  orientation  sleeve  can  be  reduced  or 
eliminated  by  ehareyiiy  frail  a  thermoplastic  material  to  an  elastaneric 
material  for  diis  part.  Hie  elastomeric  material  will  deflect  duriny 
vibration,  thereby  avoid  iny  rubbing  widi  the  aliynnent  manber. 

6.3  deductions  in  averaye  and  maximun  aiupling  loss  (insertion  loss) 
experienced  under  field  conditions  (where  misnatched  fibers  are  mated  in 
die  connector)  can  lie  achieved  by  reducing  die  tolerance  on  die  fiber's 
core  and  claddiny  diameters,  arid  by  reducing  the  allowable  variation  in 
nunerieal  aperature. 
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The  use  of  a  single  ferrule  bore  diameter  would  also  result  frcin  tighter 
control  of  fiber  dimensions. 


6.4  The  cable  and  fiber  specification  should  be  fixed  prior  to  final 

connector  development.  This  will  insure  ccmpatability  between  the  cable 
and  connector. 
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